INTRODUCTION:
Adequate screw fixation in osteoporotic bone is a challenging surgical problem. Screw loosening and subsequent implant failure are major problems in this type of bone 1 . Bone quality has been shown to be the most important factor determining the ability of a screw to resist loosening. PMMA has been shown to increase the holding power of screws in osteoporotic bone. However, the use of cement is not without problems. Cement induced osteolysis may lead to eventual screw loosening and failure. In addition, cement mantles may be variable depending on technique. We have developed a new interlocking screw for fixation in osteoporotic bone which does not require cement augmentation. We compared the ultimate pullout strength of the interlocking screw to a standard solid screw.
MATERIALS AND METHODS Twelve 6.5 mm x 45 mm, partially threaded, solid stainless steel cancellous screws were obtained (Synthes; Paoli, PA, U.S.A.). Six screws were used as solid controls. The other six screws were modified to produce the new locking screw design. Twenty millimeters from the head of each screw a 1.9 mm hole was drilled through the shaft of the screw at a 45° angle. Four fresh frozen lumbar vertebral bodies (L2-L5) were obtained from a 72 year old female. Six embalmed lumbar vertebral bodies (L4-L5) were harvested from 4 cadavers with an average age of 70 years (3 female and 1 male). A Dual Energy X-ray Absorptiometry (DEXA) scan (QDR 1000; Hologic, Bedford, MA, U.S.A.) was used to document the bone mineral density (BMD) of each fresh frozen specimen. All fresh frozen specimens had a T score less than -2.50 which the World Health Organization defines as osteoporotic. All soft tissues and posterior elements were removed from the specimens. Two 4.73 mm diameter pilot holes were drilled 30 mm into each vertebral body from the anterior side. One hole was drilled on the right side of the vertebral body, and the other hole was drilled on the left side the same distance from the midline. Both holes were drilled at a 20 angle toward the center of the vertebral body. Radiographs were taken to ensure neither hole crossed the midline. The solid screw and the new locking screw were inserted into the predrilled holes. The same vertebral body was used to test both screws to limit the effects of variability in bone density. The locking pin (1.9 mm smooth K-wire) was inserted through the 45° hole in the shaft of the screw obtaining bone purchase proximally and distally (Figure 1 ). In the embalmed specimens, the concept of a right angle triangle was used to free-hand the pin through the screw. The angle of the screw hole was drilled at 45° and the proximal portion of the hole was placed 1 cm from the bone surface, so the insertion site and angle for the pin were known. In the same plane as the mark previously made on the screw head, a K-wire was advanced 1 cm from the screw shaft at a 45° angle through bone, screw shaft, and bone. In the fresh frozen specimens, a guide was developed to allow easy placement of the crossing pin. The pin was directed from medial to lateral in all cases. Axial pull-out tests were performed using a servo-controlled hydraulic mechanical testing system (MTS Systems, Minneapolis, MN, U.S.A.). The ultimate load to failure for both screws was determined. The MTS was run in stroke control (actuator displacement) with a displacement rate of 5 mm/min. The same procedure was followed for all six vertebral bodies. The order of pullout was randomized between the solid and interlocking screws. The data were evaluated by using a paired student's t-test with each of the six vertebrae representing a pair. Statistical significance was set at p<0.05.
RESULTS:
In the fresh frozen specimens, the mean pullout strength for the solid screw was 178 ± 91 N and for the interlocking screw was 420 ± 203 N (Table 1 ). In the embalmed specimens, the mean pullout force for the solid screw was 202.5 ± 116 N and for the new interlocking screw was 412.5 ± 156 N. The interlocking design had a 136% and 104% increase in ultimate holding strength compared to the standard solid screw design in the fresh frozen and embalmed specimens, respectively. The student's t-test showed the difference to be statistically significant (p< 0.04 for the fresh frozen and p< 0.001 for the embalmed). The average T score for the four fresh frozen specimens was -3.07 ± 0.41 with an average BMD of 0.773 ± 0.047 gm/cm 2 (Table 1) . No interlocked screw could be backed out after failure. The K-wire had to first be removed to enable the screw to be removed. DISCUSSION: Screw augmentation with PMMA is well accepted for use in osteoporotic bone. Solid screws placed in a bed of PMMA have variable cement mantles which may eventually lead to screw loosening and implant failure. Our new locking screw may help overcome the current problems with cement and internal fixation in osteoporotic bone. The results validated our hypothesis that a larger force would be required to pull out the interlocking design than the standard screw. In every specimen tested, the new design proved superior in ultimate holding power. The locking screw not only helps to prevent backout but the additional bony purchase proximally and distally with the K-wire significantly increases the screw's overall holding power. Both screws were tested in the same vertebral body to limit the effects of variations in BMD between specimens. A limitation of this design is the effect one pullout may have on the subsequent screw. In order to limit this, the order of pullout was alternated between the interlocking and solid screws. This new locking screw for osteoporotic bone is very promising and warrants clinical evaluation. 
